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INTRODUCTION 


the Ocean Construction Barge SEACON was originally constructed as a 


U. S. Navy YFNB barge of World War II vintage, then later acquired by the 
National Aeronautics and Space Administration and converted to a special 
purpose barge. At that time it was operated under the name PROMISE. “The 
Navy reacquired the barge and converted it once again for its present 
functional purpose of supporting the Naval Facilities Engineering Command 
in ocean construction projects. This conversion was effected in 
1976 by the Norfolk Shipbuilding and Dry Dock Company‘involved the 
addition of diesel propulsion engines, Voith-Scneider cycloidal propulsors, 
and extensive redesign of the interior arrangements and superstructure. 
The barge was renamed SEACON.) Subsequent shipyard availabilities in 1979 
“at Jacksonville Shipyards, Bellinger Division and Tracor Marine, 

ae Ft, Lauderdale involved the addition of a gantry crane and deck winches 

and the alteration of anchor handling arrangements. 
The predecessor Trim and Stability Study was done in March 1975 by 

J. J. Henry Company, Inc., the naval architecture firm which developed 
plans for the 1976 conversion. The study was premised on the reported 
weight and Center of Gravity of the PROMISE and updated by the estimated 
effects of the weight changes involved in the conversion. There are no 
records to indicate whether the PROMISE Center of Gravity was based on 
an inclining experiment or simply a design weight estimate, Subsequent 
to the J. J. Henry study there were some minor design changes with weight 
implications which occurred in the 1976 conversior and additional changes 


which resulted from the 1979 shipyard availabilities. Giannotti and 


Associates, Inc. had been contracted to perform an inclining experiment 


to meaaure the Center of Gravity of the barge following the Bellinger 
availability in July of 1979; however, scheduling difficulties forced 
deferment of the experiment until November 2, 1979, In the pre-experiment 
survey the presence of loose liquids was detected in several of che inner 
bottom tanks previously presumed dry. Again, tight scheduling constraints 
prevented hand removal of the liquids. The experiment was conducted but 
failed to produce reliable information because of the presence of these 
liquids. A second attempt to conduct the experiment in Portsmouth, VA 
had to be aborted, again because of schedule commitments. In order to 
provide the SEACON with current trim and stability information, Giannotti 
and Associates, Inc. was instructed to update the previous study using the 
beat information available. 

The approach to the problem has been to use the J. J. Henry study 
as a basis and correct for weight changes resulting from change orders 
which were placed during the 1976 conversion and for the weight changes 
which resulted from the 1979 shipyard availabilities. A summary of these 
weight changes is included in Appendix D. The original Hydrostatic Curves 
and Cross Curves of Stability from the J. J. Henry report have been 
replotted and reproduced in this manual; however, curves of Statical 
Stability for the various loading conditions have been corrected to reflect 
the weight and center changes. A description of the procedure followed is 
contained in Appendix B, The original loading conditions used in the 
J. J. Henry study have been used in this manual with one condition added. 
In the original work the Light Ship Condition included the anti-roll tanks 
filled to 50% of capacity. A new condition has been added with these 
tanks sates A summary of the nine loading conditions and the barge 


characteristics at these conditions appears on page 21. Details for each 
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loading condition follow on pages 22 through 48. For each loading 
condition a summary sheet is presented followed by a tabulation of the 
individual compartment loadings and a plot of the curve of Statical 
Stability for that condition. 

Several new features have been added in this manual as compared 
to the previous Trim and Stability Study. First, an example loading 
calculation is presented on pages 3 through 10 with detailed step-by- 
step instructions for calculation of the displacement, drafts and GM at 
any loading condition which may not be approximated by one of the standard 
loading conditions, Next, a fold-out diagram of the tank arrangement has 
been furnished on page 13 following the fold-outs of the Hydrostatic 
Curves and Cross Curves of Stability, pages 11 and 12. Existing Tank 
Capacity Tables have been reproduced and bound in this volume as Appendix 
A for convenience of reference. A curve of minimum required GM to meet 
Coast Guard wind-heel stability requirements is shown on page 14. 
Comparison of values from this curve with GM values shown for the actual 
loading conditions shown on page 21 reveals the truly excessive amount of 
stability which the SEACON possesses, Actual and required GM values are 
also shown in the loading condition summary sheets. A further feature 
of the manual is the analysis of the effect of gantry crane position and 
loading on trim and stability which is presented with a step-by-step 
explanation on pages 17 through 20, 

In general the format of the J, J. Henry study has been followed in 
developing the manual and some information has been reproduced directly. 
Thia includes the Compartment Capacity Table, (page 15), the Loading 


Condition forms, the Compartment Loading forms, Curves of Form, (page 11), 
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Cross Curves of Stability, (page 12), the Tank Tables (Appendix A), 
the Tabular Curves of Intact Stability (Appendix B), the Wind Heeling 
Arm Tables (Appendix C), and the original SEACON Light Ship Weight 
Estimate (Appendix D). 

One final comment should be made about the accuracy of the vertical 
centers estimated in this manual. To place error bounds on the estimated 
vertical centers is quite difficult since there is no information 
available on the quality of the Vertical Center of Gravity figure for 
the barge PROMISE, a number which forms the basis for both the J. J. 
Henry estimate and this further update. However, accepting the PROMISE 
VCG as a given and making estimates of the maximum likely error in both 
Henry and G&A estimates leads to the observation that the vertical 


centers reported herein should be within + 6 inches of the true value. 


EXAMPLE LOADING CONDITION CALCULATION 


It may be noted that at the end of this manual are included blank 
loading condition forms, This includes a Trim and Stability Summary 
form and a Compartment Loading form. This section explains how to use ; 
these forms in the case of a new loading condition. 

An example loading condition, Operating X, is included in this 
section and should be used in conjunction with this example. The first 
step is to determine the deadweight of the ship. All the items inl, 
page 8, must be estimated. The weights, vertical and horizontal centers 
of gravity, and vertical moment of free surface, if any, are required. 
The weights and centers of gravity for liquid in any of the tanks can 
be found in. the tank tables in Appendix A. The vertical moment of the 


free surface is found by: 


VM. = 
where, 

i* the transverse moment of inertia of the free surface and 6 = 
density of the liquid in the tank. 

The Compartment Loading form may then be used to figure the total 
weight, center of gravity and vertical moment of the free surface. For 
each section of Fuel Oil, Fresh Water, Sludge and S.W. Ballast, the 
subtotal Horizontal and Vertical Moment is divided by the subtotal 
weight to obtain a horizontal and vertical center of gravity. The 
vertical moment of the free surface can be added in each section and 
shown in the subtotal line, It is important to note the references for 


the centers of gravity: the base line for the VCG and the forward 


perpendicular for the LCG. 

The items in 1 may then be appropriately filled in, The values 
under Crew & Effects, and Stores are constants which probably fit most 
conditions other than light ship. These values, if used, may be found 
on any form except Light ship condition. Deck load and Cable stores 
are variables which may be included on the forms, The figure on page 
5 gives a convenient way of determining the center of gravity for each 
of these loads. Locate on the figure the position of the deck load and/ 
or cable load longitudinal center of gravity directly on the scale below 
the figure. 

The computational steps to complete each of the numbered items on 
the Loading Condition Summary Sheet, page 8, are outlined in tabular 


form on pages 6 and 7. 
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TRIM & STABILITY DUE TO CRANE LOADING AND POSITION 


Trim as a function of for-and-aft position of the gantry crane 
can be read conveniently off the graphs on page 19. Please note that 
the forward draft mark is 10' aft of the F.P. and the aft draft mark 
is 50' forward of the A.P. The trim has been determined for 2 drafts, 
8 and 11 feet. Trim at any other draft may be determined by interpolation. 
Following is an example: 

The trim is desired at a 10 ft. draft with the crane at 50 feet 
aft of its stowed position. 

From the 11 ft. mean draft graph: 

4 Draft Aft = .15 ft. 
A Draft Fwd = - .22 ft. 
From the 8 ft. mean draft graph: 
A Draft Aft = .13 ft. 
A Draft Fwd = - .20 ft. 
Interpolating for 10 ft. draft: 


Se nS eA) 
10-8 ~ (A Draft Aft) - .13 


A Draft Aft = .143 ft. 


122-8. =, 23 =. (- 290) 


10 - 8 (A Draft Fwd) - .20 
A Draft Fwd =~.213 ft. 
Therefore, the draft forward is: 
10 + (~ .213) = 9.787 
and the draft aft is: 


10 + .143 = 10.143 ft. 
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The effect on heel of a 10 ton load hanging from the crane over 


the side has been determined and can be viewed in the figure on page 20. 
The graph on the same page can be used to determine the heel angle if 
displacement and GM are known. 
For example, for capacity condition: 
Displacement = 3462 tons 
GM = 11.15 ft. 
GM x Displacement = 38,601 ft. tons 


and the corresponding angle of heel is 0.62 degrees. 
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OPERATING IA 


OPERATING IIA 


OPERATING IIIA 


OPERATING {8 


OPERATING !C 


INCLUDES ANTI-ROLL TANKS 50% FULL. 
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TANK TABLES 


PAGE A 


EQUIVALENTS 


1 TON = 2240 LBS. 

1 CU. FT. = 7.481 GALLONS 
1 TON F.O. = 38,00 CU. FT. 
1 TON S.W. od 35.00 CU. FT. 
1 TON F.W. = 36.00 CU. FT. 


CONVERSION FACTORS 


Multiply Tons F.0. by 0.883 = Tons D.0. (@ 43.00 CU.FT./TON) 
Divide Gallons F.0. by 322.00 = Tons D.0. " * In 
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SUMMARY 
" F.0. TANKS 
VCG AT F.0. F.0. 

TANK FRS, 100% FULL CAP. IN GALS. CAP. IN TONS 
= ma Toor 95% — Toor 95% 
F.0. WING TANK NO. 1 STBD 11-12 9.13 3821 3630 13.4 12.7 
: F.0. WING TANK NO. 2 PORT 11-12 9.13 . 3821 3630 13.4 12.7 
F.0. WING TANK NO. 3 STBD 12-13 8.24 5818 5528 20.4 19.4 
a, F.0. WING TANK NO. 4 PORT 12-13 8.24 5818 5528 20.4 19.4 
Ve F.0. WING TANK NO. 5 STBD 13-14 8.98 5489 5215 19.3 18.3 
F.0. WING TANK NO. 6 PORT 13-14 8.01 6544 «6217 23.0 21.8 
F.0. WING TANK NO. 13 STBD —s.20--21 7.82 6335 6018 22.2 21.1 
F.0. WING TANK NO. 14 PORT —- 20-21 7.80 6312 5997 22.2 21.0 
F.0. WING TANK NO. 15 STBD —-. 21-22 8.01 6529 6203 22.9 21.8 
F.0. WING TANK NO. 16 PORT —.21-22 8.01 6529 6203 22.9 21.8 
F.0. WING TANK NO. 17 STBD = 22-23 8.33 4345 4128 15.2 14.5 
! F.0. WING TANK NO. 18 PORT = 22-23 8.33 4345 4128 15.2 14.5 
S.W. BALLAST TANKS é 

VCG AT $.W. 
TANK FRS. 100% FULL = CAP. IN TONS 
bic’ as re Toor 95% 

wy! S.W. BALLAST TK: HO. 1 PORT 7-11 1.68 6.9 6.6 

S.W. BALLAST TK. NO. 1 STBD 7-11 1.68 6.9 6.6 
S.W. BALLAST D.B. TK. NO. 2 11-14 1.50 144.9 137.6 

S.W. BALLAST 0.8. TK. NO. 3 14-17 1.50 137.8 130.9 

S.W. BALLAST 0.B. TK. NO. 4 - 17-20 1.50 139.3 132.3 

S.W. BALLAST D.B. TK. NO. 5 20-23 1.71 147.0 139.6 
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S.W. BALLAST TANKS (CONTINUED) ' 


’ t 


VCG AT - SW. 
TANK FRS, 100% FULL CAP. _IN ‘TONS 


S.W. BALLAST WING TK. NO. 7 14-15 8.01 37.4 35.6 
* S.W. BALLAST WING TK. NO. 9 16-18 8.01 49.9 47.4 
: S.W. BALLAST WING TK. NO.10 16-18 8.01 49.9 47.4 
S.W. BALLAST WING TK. NO.11 18-20 8.01 37.4 35.6 
S.W. BALLAST WING TK. NO.12 18-20 8.01 37.4 35.6 
‘S.W. BALLAST DEEP NO. 1 - 16-17 9.00 64.5 61.2 
S.W. BALLAST DEEP NO. 2 16-17 9.00 64.5 61.2 
: S.W. BALLAST DEEP NO. 3 17-18 9.00 64.5 61.2 
S.W. BALLAST DEEP NO. 4 17-18 9.00 64.5 61.2 
i S.W. BALLAST DEEP NO, 5 18-20 9.00 325.8 309.5 
‘S.W. BALLAST DEEP NO.6 23-27 9.25 88.9 84.4 
S.W. BALLAST DEEP NO.7 23-27 9.35 92.7 88.1 
.S.W. BALLAST DEEP NO.8 27-34 11.26 104.3 99.0 
SLUDGE TANK (NO, 8) 14-15 8.01 25.0 23.7 
ANTI-ROLLING TANK FWD 1553-16 8.81 120.8 114.7 


ANTI-ROLLING TANK AFT 18-1835 " ” “ 
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27 35 43 51 59 75 83 100. 
132 146 160 173 137 215 228 2566 
299 3l4q . 329 344 359 388 403 4336 
478 493 508 523 538 568 583 6136 
672 696 720 745 769 818 842 890. 
960 981 1003 1025 1047 1091 12112 1156. 

1221 1243 1265 1287 1309 1352¢ 137% 1418. 
1487 1512 1537 1561 1586 1635 1660 1709.6 
1783 1807 1832 1857 1881 1931 1955 20046 
2080 2106 2132 2157 2183 2235 2260 23126 
2369 2415 2441 2466 2492 2544 2570 2621.6 
2698 2725 2750 2776 2801 2853 2879 29306 
3028 3067 3106 3146 3185 3263 3303 3381. 
3488 3519 3551 3583 3615 3678 3710 3774.6 
3621 3821 3821 3821 3821 3821 3621 3621. 
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SVR DO aye ante SR RENAL PRG 5 ae 
i 2 3 4 5 
56 66 77 89 101 
195 207 220 234 250 
376 392 409 426 4436 
581 598 6160 633 651 
790 B08. 833.4 863. 892 
1128 11580 1167e 12166 12466 
1548 1587 16276 1666 17054 
2020 20606 210006 2140. 2180. 
2496 25360 25750 26256 2655. 
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164) 206 626 79.0 lll. 
257. 2876 3796 4096 4706 
648 685.6 71936 8296 Ole 
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APPENDIX B 


INTACT CURVES OF STATICAL STABILITY 


The original Curves of Intact Statical Stability drawn up by 
J. J. Henry, Co., Inc. have been modified in accordance with the change 
in GM due to the weight changes. The new values for the righting arm 
follow in this appendix, along with the original values produced by 
J. J. Henry, Co., Inc. The original values were obtained from the "Ship 
Hull Characteristics Program, (SHCP)". The center well was included in 
these calculations. 

The weight changes which took place affect the righting arm in two 
ways. The first is the change in GM. The second is the change in 
displacement due to the weight changes, which will have the effect of 
changing the righting arm as can be seen in the cross curves of stability. 
Both these factors were taken into account in calculating the new righting 
arms, however, an additional factor was included, which is not caused by 
the weight changes. The change in draft due to heel affects the amount 
of water in the center well. Treating this water as an added weight in 
effect changes the displacement of the ship. 

The method by which the new values were obtained is as follows. 

The change in GM is multiplied by the sine of the angle of heel, to get 
the change in righting arm. A rise in the center of gravity (decrease 
in GM) will result in a shorter righting arm. The change in weight is 
constant for all conditions (38 T) and the corresponding change in 


righting arm was taken off the cross curves of stability. The amount 


of water in the center well was figured graphically using the drafts 


in the original T&S book and this change in weight was used to figure 
the change in righting arm as above, 


As an example, take Capacity Condition at 40° heel: 


KG original = 11.458 ft. 
KG new = 11.64 ft. 
Sin 30° = 0.643 ft. 


ARA = (11.64 - 11.458) (.643) = .12 ft. (KG effect) 

The added 38 tons decreases the right arm by .1 ft., from Cross 
Curves of Stability (Displacement effect). 

Graphically it was determined that an additional 32 tons enter 
the center well decreasing the righting arm by .1 ft. (change in draft 
effect). 

Finally, the total change in righting arm is: 

12 + .1 + .1 = .32 
Note that ali contributions cause a decrease in righting arm. The 
original righting arm was 2.161 ft. The new righting arm will be 


2.161 - .32 = 1.841 ft. ‘ 


REVISED RIGHTING ARMS 
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APPENDIX C 


WIND HEELING ARM TABLES 


The Tables in this appendix are from the original Trim & Stability 
Study by J. J. Henry Company, Inc. No numbers have been changed. The 
wind heeling arms are assumed to be the same due to a negligible change 


in draft. 
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LIGHT SHIP WEIGHT ESTIMATE 


APPENDIX D 
LIGHT SHIP WEIGHT ESTIMATE 


Following is a list of all the weight changes since the last Trim 
and Stability Study of 3/11/75. In summary a total of 38.67 tons were 
added at 28.43 feet above the base line and 107.94 feet aft of the F.P. 

In addition, calculations for light ship originally performed by 


J. J. Henry Company, Inc. are included. 
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